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Gas  Calorimetry. 

In  1726,  Dr.    Hales  published  the  reeults  of  an  experiment  in 
which  he  prepared  a  combust ibile gas  by  the  distillation  of  coal. 
This  being  the  first  mention  we  find  of  any  such  work,  Dr.  Hales  is 
recognized  as  the  discoverer  of  illuminating  gas.  However,  it  was 
almost  seventy  years  before  any  practical  application  was  made  of 
the  discovery.      In  179.3,  William  Murdock,  an  English  engineer  of 
Birmingham, lighted  his  dwelling  with  gas  of  this  kind.  Eleven  years 
later,  in  1803,  the  celebrated  Soho  works  at  Birmingham  were  il- 
luminated by  gas.     At  about  the  same  time,  in  1802,  Lebon,  a 
Frenchman,  took  out  a  p'atent  on  the  process  of  manufacturing  gas  for 
illuminating  purposes  by  the  distillation  of  wood  or  coal.    In  1810 
the  first  company,  for  manufacturing  illuminating  gas,  was  formed 
in  London.    Two  years  later  this  company  received  a  royal  charter, 
and  during  the  same  year  gas  was  first  used  for  street  lighting. 

Thus  we  see  that  it  is  but    one  hundred  years  since  the  true 
beginning  of  the  gas  industry,  and  viewed  in  its  present  great 
magnitude,  its  growth,  has  been  scarce  short  of  miraculous.  Remark- 
able as  the  increase  in  the  use  of  gas,  for  illuminating  purposes, 
has  been,  it  met  with  considerable  objection  at  first.  This  was  due 
in  a  large  measure  to  the  poisonous  effect  of  certain  of  its  con- 
stituents.    Soon  however  more  or  less  effective  means  of  removing 
these  objectionable    substances  were  devised,  and  then  because  of 
the  great  convenience  in  using  it,  gas  came  rapidly  into  favor. 

As  soon  as  gas  came  to  be  recognized  as  an  important  illuminant, 
municipal  authorities  were  confronted  by  the  problem  of  fixing 
standards  for  gas  valuation.    Since  at  that  time  practically  all  the 
gas  manufactured,  was  burned  in  open  burners  for  direct  illumination 
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it  is  natural  that  the  standards  adopted  were  expressed  in  units 
of  illuminating  power.    However  as  the  illuminating  power  is  not 
a  definite  property  of  gas,  its  value  depending  on  the  rate  of  burn- 
ing and  type  of  burner,  it  was  necessary  to  choose  some  arbitrary 
standard  conditions. 

During  the  first  forty  years  of  the  history  of  the  gas  industry 
no  thought  was  given  to  the  possibility  of  using  gas  as  a  fuel.  The 
chief  reason  for  this  lies  in  the  fact  that  the  manufacture  of  the 
type  of  gas  used  in  those  early  years  required  a  special  grade  of 
coal  which  was  relatively  expensive.      But  in  about  1850  it  was  dis- 
covered that  a  gas  of  considerable  heating  value  could  be  prepared 
from  almost  any  coal  or  even  from  carbonaceous  waste  products  such 
as  saw  dust  and  shavings.     Since  that  time  gr^at  inter^t  has  been 
centered  on  devising  methods  and  appliances  for  producing  such  gas 
economically.    The  generation  of  this  type  of  gas,  now  known  as 
producer  gas,  depends  on  the  fact  that  when  a  limited  supply  of  air 
is  forced  over  incandescent  coal  or  other  carbonaceous  substances, 
a  partial  oxidation  is  effected,  with  the  formation  of  carbon 
monoxide.    In  addition  to  this  producer  gas  usually  contains  small 
amounts  of  hydrogen,  which  results  from  the  decomposition  of  the 
steam  present.    It  will  be  seen  at  a  glance  that  such  a  gas  will 
have  almost  no  illuminating  power  but  may  have  considerable  heating 
value. 

The  first  successful  gas  producer  involving  these  principles 
was  designed  by  Siemens  in  connection  with  his  regenerative  gas 
furnace.    This  furnace  received  first  awards  at  the  Paris  exposition 
in  1867,  and  this  date  may  be  considered  as  the  beginning  of  the 
use  of  ga3  as  a  fuel.    Since  that  time  the  use  of  gas  as  an  indus- 
trial fuel  has  increased  rapidly, especially  in  lines  where 
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temperature  must  be  carefully  regulated  as  in  many  metallurgical 
processes. 

Closely  following  the  introduction  of  producer  gas,  we  find  the 
invention  of  tire  gas  engine.     Its  great  development  in  the  last 
thirty  years  has  had  a  marked  influence  on  the  increase  in  the 
manufacture  of  gas. 

The  se  developments  have  changed  the  state  of  affairs  in  the 
gas  world.    Now  instead  of  practically  all  the  gas  manufactured 
being  burned  in  open  burners  for  direct  illumination,  we  find  the 
major  part  of  it  used  as  a  fuel  for  heating  purposes  or  as  a  direct 
source  of  motive  power. 

In  addition  to  this  we  find  a  corresponding  change  in  methods 
of  illumination,    in  1885,  Welsbaoh  invented  the  incandescent  gas 
mantle,  the  great  illuminating  power  of  which,  depends,  not  on  the 
candle  power  of  the  gas  but  on  the  temperature  to  which  the  mantle 
is  heated.    The  general  adoption  of  this  improved  method  of  illum- 
ination, has  completed  the  revolution,  so  that  now  we  find  prac- 
tically 811  the  gas  manufactured,  being  used  under  conditions  where 
its  value  to  the  consumer  depends  on  its  heat  giving  capacity. 

In  this  conrection  we  find,  in  the  report  of  the  Public  service 
Commission  of  the  State  of  New  York  for  1909,  the  estimate  that 
less  that  20$  of  the  gas  consumed  in  the  State  of  New  York  is 
burned  in  open  burners  for  direct  illumination. 

Both,  the  committee  of  the  American  gas  institute,  on  gas 
calorimetry  and  the  Railroad  commission  of  Wisconsin  place  the 
figure  as  low  as  10$.    With  the  ever  increasing  use  of  the  in- 
candescent gas  mantle,  this  already  small  per  cent  is  rapidly 
decreasing. 
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To  ue  now,  it  is  surprising  that,  unler  the  conditions  of  the 
lest  thirty  years,  so  little  has  be^n  sail  of  the  heat  value  of 
gases. It  is  only  during  the  last  five  or  ten  years,  that  any  interest 
at  all  has  been  manifested  in  it, and  in  this  country  its  advent  as 
a  matter  of  importance  is  even  more  recent.      The  main  reason  for 
this  is  perhaps  due  to  the  old  idea  that  there  existed  some  definite 
relation  between  the  heat  toalue  and  illuminating  power  of  a  gas. 
Indeed  it  is  only  quite  recently  that  any  reliable  data,  to  disprove 
this,  has  been  obtained.    The  work  of  the  Public  Service  Commission 
of  the  State  of  New  York,  during  1909,  is  perhaps  the  best  along 
this  line.    The  following  data  on  both  coal  and  carburet ted  water 
gas  is  taken  from  their  results. 

 Coal  Gas.  Water  Gas.  

Candle  Power    Heat  Value  3.T.U.  Candle  Power       Heat  Value  3.T.U. 


1. 

16.2 

585 

1. 

20.3 

592 

2. 

13.9 

597 

2. 

17.6 

597 

3. 

14.1 

627 

3. 

15.5 

606 

4. 

14.4 

647 

4. 

17.3 

621 

5. 

15.9 

658 

5. 

22.0 

633.5 

6. 

17.1 

655 

6. 

31.5 

633.0 

7. 

16.7 

727 

7. 

19.1 

651 

8. 

19.2 

691 

8. 

20.0 

662 

9. 

16.5 

715.5 

9. 

21  .0 

676.5 

10. 

17.4 

727.  5 

10. 

21.5 

693.0 

The  figures  show  that,  although  in  general  a  gas  of  high  candle 
power  possesses  a  high  calorific  value,  there  is  no  definite  ratio 
by  which  to  calculate  one  from  the  other.  In  some  of  the  cases  above 
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as  in  the  sixth  and  seventh  samples  of  coal  gas  and  the  first  and 
second  samples  of  water  gas  we  even  find  a    reversal  of  this  general 
rule.    In  the  case  of  the  sixth  and  seventh  samples  of  water  gas 
this  reversal  is  quite  marked.    Again  when  we  consider  a  gas  high 
in  such  constituents  as  hydrogen,  carbon  monoxide,    and  methane, 
gases  possessing  excellent  heat  values  but  almost  no  illuminating 
power,  we  see  the  futility  of  attempting  to  calculate  the  heat  value 
of  a  gas  from  the  results  of  a  photometric  test. 

The  foregoing  facts  explain  the  unusual  activity  shown  at  pres- 
ent by  gas  authorities  in  changing  gas  requirements  from  old  candle 
power  to  calorific  standards.    We  find  the  Public  Service  Commission 
of  the  State  of  New  YorX  in  their  report  foT  1909  recommending  the 
adoption  of  a  calorific  standard.    The  Bailroad  Commission  of  Wis- 
consin in  their  decisions  of  July  1908  adopted  a  calorific  standard. 
And  as  a  rule  where  specifications  are  undergoing  reversion  we  find 
aunicipal  authorities  changing  over  to  this  modern  standard. 

The  calorific  value  of  a  gas,  unlike  the  candle  power  is  a 
definite  fixed  value,  being  the  heat  generated  by  burning  a  unit 
volume.    It  may  be  expressed  in  terms  of  any  heat  unit  per  unit 
volume.      in  Germany  the  calorie  per  cubic  meter  is  used,  in  England 
the  calorie  per  cubic  foot,  while  in  this  country  values  are  usual- 
ly expressed  in  B.  T.  U.  per  cubic  foot. 

It  is  unfortunate  that  the  term  calorific  value  as  applied  to 
gases  is  somewhat  ambiguous.    By  it  may  be  meant  either  gross  or  net 
calorific  value.      The  former  is  the  value  obtained  when  the  products 
of  combustion  are  cooled  to  the  original  gas  temperature.    The  net 
value  is  obtained  by  subtracting  the  latent  heat  of  the  water  formed 
by  the  combustion  of  the  gas,  from  the  gross  value. 


r  Alt.  I  sc 


6. 

It  will  be  seen  that  such  a  value  is  at  best  an  artificial  one 
as  it  represents  no  true  property  of  the  gas.  in  obtaining  it  we 
have  applied  a    correction  to  the  gross  value,  for  the  heat  obtained 
by  condensing  the  water  formed,  but  have  taken  no  account  of  the 
heat  obtained  by  the  cooling  of  the  other  products  of  combustion. 
The  only  excuse  it  has  for  existence  is  that  it  represents  more 
nearly  the  true  heating  effect  obtained  from  gas  in  many  of  its  uses. 
However  since  it  does  not  represent  this  true  heating  effect  exactly, 
there  ee*=ms  ro  valid  reason  for  its  use  in  preference  to  the  gross 
total  heat  value.  And  at  present  we  find  almost  every  one  except 
manufacturers  of  gas  engines,  who  wish  to  claim  high  eff eciencies, 
favoring  the  use  of  the  gross  value.      All  heat  values  expressed  in 
this  paper  are  gross  values. 

Immediately  on  adopting  a  calorific  standard  for  gas,  it  is 
necessary  to  settle  on  some  fair  value  to  demand  of  the  gas  produc- 
er.     Much  investigation  has  been  done  along  this  line  by  the  Public 
Service  Commission  of  New  YorKand  the  Railroad  Commission  of  Wis- 
consin.   The  latter  has  now  fixed  the  standard  at  a  mean  value  of 
600  B.T.TJ.  per  cubic  foot  of  gas  measured  at  60  degrees  Fahrenheit, 
and  30  inches  of    mercury  and  further  specify  that  the  value  shall 
never  fall  below  550  B.T.U.    The  New  York  commission,  although  not 
having  definitely  fixed  a  standard  value,  seem  to  consider  600  3.T.U. 
a 8  fair  to  the  producer. 

For  determining  the  calorific  value  of  a  gas,  two  methods  are 
open.    The  indirect  method,  that  is  calculating  it  from  the  results 
of  an  analysis,  and  the  direct  method  which  consists  of  measuring 
the  heat  produced  by  burning  the  gas  in  instruments  known  as 
calorimeters.  The  former  method,  while  often  giving  results, which 
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agree  quite  well  with  directly  observed  values,  is  regarded  as 
untrustworthy,  especially  with  gases  rich  in  heavy  hydrocarbons. 
This  is  due  to  the  fact  that,  by  ordinary  m*t*ods  of  gas  analysis, 
the  exact  composition  of  these  heavy  hydrocsrbons  cannot  be  deter- 
mined. Fjr  this  reason,  where  accurate  results  are  necessary,  one 
must  use  the  direct  method. 

Gas  calorimeters  are  of  three  general  types.    To  the  first 
class  belong  those  in  which  a  measured  quantity  of  gas  is  allowed 
to  burn  and  impart  the  heat  generated  to  a  measured  quantity  of 
water.    Prom  the  rise  in  temperature  of  the  water  and  the  quanti- 
ties of  water  and  gas  used,  the  heat  value  of  the  gas  may  be  cal- 
culated.   The  calorimeters  used  by  Thomsen  and  Berthelot  in  all 
their  work  were  of  this  type. 

To  the  second  class  belong  all  those  calorimeters  in  which  a 
constant  flowing  stream  of  water  is  heated  by  burning  the  gas  at 
a  constant  measured  rate.    Under  these  conditions,  an  equilibrium 
is  reached  where  the  difference  in  temperature  between  the  incoming 
and  outgoing  water  is  constant.    Then  by  measuring  the  water  pass- 
ing while  a  measured  quantity  of  gas  is  burned,  data  is  obtained 
from  which  the  heat  value  may  be  calculated.    This  type  of  calorim- 
eter requires  accessory  apparatus,  such  as  gas  meters,  pressure 
regulator,  balances  and  barometers.     Commercial  calorimeters  such 
as,  Junkers,  Boys  and    Sargent,  are  representatives  of  this  type. 

The  third  type  of  gas  calorimeter  introduces  a  new  principle 
that  of  comparing  the  unknown  gas  to  a  standard  gas  whose  heating 
value  is  accurately  known.  Hemples  calorimeter  and  that  designed 
by  Prof.  Parr  of  the  University  of  Illinois  are  both  representatives 
of  this  type  but  are  radically  different  in  detail.  Hemples 
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instrument  consists  really  of  a  calorimeter  of  the  first  type 
which  he  calibrates  once  for  all  by  burning  in  it  a  standard  gas. 
This  calorimeter  has  never  met  with  much  favor.    Prof.  Parr's 
calorimeter  consiete  essentially  of  two  calorimeters  of  the  first 
type  of  exactly  the  same  capacity  in  all  parts,  mounted  side  by 
side.    They  are  so  provided  that  they  may  be  operated  under  ex- 
actly the  same  conditions  at  the  same  time.    Then  if  in  one  we 
burn  our  Known  standard  gas  and  in  the  other  our  unknown  gas,  we 
get  rises  in  temperature  proportional  to  the  heat  values  of  the 
two  gases. 

The  otoject  of  this  work    was  to  study  the  conditions  affecting 
the  accuracy  of  these  last  two  types  of  calorimeters  and  to  de- 
termine the  relative  merits  of  the  two  for  commercial  work.  The 
committee  on  gas  calorimetry  of  the  American  Gas  institute,  after 
extended  investigation  on  calorimeters  of  the  second  type  seem  to 
have  found  Junker's  Calorimeter  open  to  less  objection  than  any 
dther.    For  this  reason  the  Junker  apparatus  was  selected  as  the 
representative  to  be  used.    As  Hempels    Calorimeter  cannot  be 
considered  of  any  commercial  importance,  the  choice  for  a  repre- 
sentative of  the  third  type,  naturally    fell  on  Parr*s  calorimeter. 

Junker' 8  gas  calorimeter  (see  figures  1  and  2)  consists  of  a 
combustion  chamber,  28  (fig.l)  surrounded  by  a  water  jacket  which 
is  transv^rsed  by  a  number  of  vertical  tubes.    Outside  of  the  water 
Jacket  is  a  closed  insulating  air  space,  the  exterior  wall  of  which 
is  brightly  polished.    The  whole  apparatus  is  constructed  of  thin 
copper  sheet,  thus  insuring  easy  absorption  of  heat.    The  water 
enters  at  1  (fig.l)  and  rising  over  the  constant  level  overflow, 3, 
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passes  down  the  tube,  6,  entering  the  water  Jacket  at  the  bottom. 
It  then  raises  through  the  water  jacket  and  strikes  the  baffle 
plates,  17,  before  it  comes  in  contact  with  the  heated  water 
thermometer. 

The  gas  from  the  mains  first  passes  through  the  meter  ( see  fig. 
(2)  and  then  through  a  pressure  gauge  before  going  to  the  burner, 
27,    The  products  of  combustion  pass  upward  in  the  combustion 
chamber  and  then  down  through    the  tubes,  passing  through  the 
water  Jacket,  into  chamber  31.    Prom  here  they  leave  the  calori- 
meter through  the  opening,  32.    It  will  be  seen  that  the  coldest 
gases  are  thus  in  contact  with  the  coldest  water  so  that  maximum 
extraction  of  heat  is  effected. 

In  a  calorimeter  of  the  Junker  type,  the  possible  sources  of 
error  are,  1st.  loss  or  gain  of  heat  in    exit  gases  according  as 
they  are  warmer  or  cooler  than  the  surrounding  atmosphere,  2nd. 
loss  or  gain  due  to  radiation,  and  3rd.  loss  or  gain  due  to 
evaporation  or  condensation  of  water  during  the  passage  of  ai  r 
through  the  calorimeter.    In  order  to  operate  this  instrument  un- 
der theoretically  correct  conditions  then  it  is  necessary  to  have 
the  exit  gases  at  the  same  temperature  as  the  surrounding  air. 

The  Parr  gas  calorimeter  is  constructed  along  radically  differ- 
ent lines  from  the  Junker.    The  apparatus  (shown  in  figs.  3  &  4) 
consirts  of  two  parallel  systems  so  arranged  that  equal  volumes 
of  gases  may  be  placed  under  the  same  conditions  with  respect  to 
temperature  and  pressure,  being  submerged  in  the  same  tank  of 
water  and  having  the  sam^  W8ter  head.    Thes**  gas  holders  are 
supplied  with  burners  placed  under  heaters  containing  equivalent 
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amounts  of  water.    The  heaters  are  constructed  with  conduits  for 
the  passage  of  the  products  of  combustion  and  are  supplied  with 
stirrers  for  agitating  the  water.    The  rise  in  temperature  is  in- 
dicated on  thermometers  graduated  to  lOths.  degrees  Fahrenheit  and 
readable  to  lOOths.  by  means  of  lenses.    Under  these  conditions  the 
rise  in  temperature  in  the  two  systems  will  be  proportional  to  the 
heat  values  of  the  two  gases  burned.    In  one  of  these  systems  is 
burned  a  standard  gas,  whose  heat  value  is  accurately  known,  while 
on  the  other  the  unknown  gas    is  burned.    Then  from  the  known  heat 
value  of  the  standard  gas  and  the  relative  rise  in  th^  two  systems 
the  heat  value  of  the  unknown  gas  is  calculated,    stirring  is 
effected  by  a  small  motor  with  a  common  belt  actuating  both,  pulleys. 

The  heaterB  are  constructed  with  automatic  overflows  which  may 
be  adjusted  to  measure  exact  equivalents  of  water.    The  gas  holders 
are  provided  for  measuring  exactly  by  greatly  reducing  their  di- 
ameters both  above  and  below.    Then  by  having  the  starting  and 
stopping  places  in  these  constrictions,  they  are  accurately  indi- 
cated on  the  gauge  glasses. 

It  will  be  evident  that  in  an  arrangement  of  this  kind  errors 
due  to  varied  temperature  conditions  and  atmospheric  moisture  will 
cancel  each  other  and  hence  will  not  appear  in  our  result.    Also  if 
we  keep  the  rise  in  the  two  systems  nearly  the  same  errors  due  to 
radistion  will  cancel.    The  problem  then  is  either  to  supply  a 
standard  gas  of  approximately  the  same  heat  value  as  our  unknown 
gas  or  to  arrange  to  burn  volumes  of  the  two  gases  inversely  pro- 
portional tc  their  heat  capacities.    Provision  for  this  latter 
has  beer,  made  by  supplying  a    third  gas  holder  which  may  or  may  not 
be  used.    In  case  we  are  using  hydrogen,  with  a  heat  value  of 
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326  B.  T.  U.    per  cubic  ft.,  as  our  standard  gas, and  are  working 
on  house  gas  whose  value  ranges  from  600  to  700  B.  T.  U.  per  cubic 
foot,  we  would  burn  two  volumes  of  hydrogen  against  one  of  house 
gas.      While  if  we  were  working  on  producer  gas  of  heat  capacity 
of  from  275  to  375  B.  T.  0.  we  would  use  but  one  holder  of  hydrogen. 
The  arrangement  of  this  third  gas  holder  is  shown  in  figure  4. 

Before  commencing  the  comparative  tests  on  the  two  instruments 
all    apparatus  to  be  used  was  carefully  calibrated.  The  overflows  on 
the  heaters  of  the  parr  calorimeter  were  adjusted  so  that  on  filling 
the  two  heaters  contained  exactly  equivalent  amounts  of  water.  In 
weighing  the  water  in  these  calibrations  balances  accurate  to  .5 
gram  were  used.    A  check  on  the  gas  holders  was  then  effected  by 
burning  standard  hydrogen  on  both  sides  of  the  instrument.    The  fol- 
lowing data  thus  obtained  indicates  a  degree  of  accuracy  within  the 
limit  of  reading  the  thermometers. 

Table  1. 

■Rise  on  left  side.  Rise  on  right  side. 

1.  2.42  degrees  2.42  degrees. 

2.  2.42  degrees  2.41  degrees. 

3.  2.37  degrees  2.37  degrees. 

4.  2.46  degrees  2.47  degrees. 

5.  2.48  degrees  2.49  degrees. 

6.  2.41  degrees  2.41  degrees. 

The  thermometers  used  on  the  Parr  calorimeter  had  been  calibrated 
by  the    Division  of  Physical  Chemistry  at  the  University  of  Illinois 
and  posses  almost  identical  calibration  curves. 
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In  order  to  find  the  true  significance  of  radiation  errors  likely 
to    occur  due  to  the  fact  that  there  was  not  an  exact  balance  between 
the  heat  obtained  from  our  etandard  gas  and  our  unknown  gas,  a  radia- 
tion curve  was  established  for  the  heaters.    In  procuring  data  f,or  thii 
curve  the  stirrers  were  run    at  the  same  spaed  as  in  later  work.  The 
curve  (see  curve  1)  showp  the  radiation  to  increase  steadily  with 
increased  differences  between  the  surrounding  air  and  the  water  in 
the  heater.    To  arrive  at  the  true  significance  of  possible  errors 
due  to  this  cause  it  seems  best  to  take  a    suppositional  case.  Sup- 
pose we  are  using  two  volumes  of  hydrogen  as  our  standard  and  are 
working  on  house  gas  of  a  heat  capacity  of  about  600  3.  T.  U.  The 
two  volumes  of  hydrogen  would  have  a  heat  effect  of  equivalent  to  a 
gas  of  652  B.  T.  U.    with  a  room  temperature  of  77.0  degrees  Fahren- 
heit and  a  starting  temperature  on  both  systems  of  72.0  degrees  the 
rise  on  the  hydrogen  side  would  be  anout  4.70  degrees  Fahrenheit. 
Now  suppose  our  rise  on  our  house  gas  side  were  4.40  ds»gre°s  Fahren- 
heit.   The  direct  calculation  of  heat  value  without  radiation  correc- 
tion would  give  608.4  3.  T.  U.    From  our  curve  let  us  now  apply 
corrections.    On  the  hydrogen  side  our  starting  temperature  is  72. 0C 
degrees  and  our  ending  temperature  is  76.70  giving  a  mean  temperature 
of  74.35  which  is  2.65  degrees  below  the  assumed  room  temperature  of 
77.0  degrees.    The  average  time  of  running  a  determination  is  7 
minutes.    From  our  curve  then  we  see  that  the  gain  from  atmosphere 
is  .015  x  7  equal  .105  which  gives  a  true  rise  due  to  heat  from 
hydrogen  of  4.595  degrees.    In  like  manner  we  find  a  mean  temperature 
of  74.2  degrees  on  our  house  gas  side  which  gives  a  mean  difference 
from  room  of  2.80  degrees.    From  our  curve  we  get  the  heat  gained  to 
be  .016  x  7  equal  .112.    This  gives  the  true  rise  as  4.288.  The  heat 
. tealue  calculated  from  these  corrected  values  is  606.6  3.  T.  U.  
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Thus  the  error  in  this  extreme  case  is  1.8  B.  T.  U.  or  less  than 
1/3$.      Thus  for  gasee  from  GOC  to  700  B.  T.  U.  if  care  is  used 
in  having  the  starting  temperature  in  both  systems  the  same, this 
error  may  be  neglected  in  commercial  work. 

The  thermometers  used  on  the  Junker  apparatus  were,  of  the 
san^e  type  as  those  furnished  by  the  Junker  0o.  being  graduated  in 
centigrade  degrees  from  0  degreee  to  50  degrees.  These  were  checked 
against  a  U.S.  Bureau  of  standards  thermometer  No. 2650    and  curves 
of  correction  established.    The  gas  meter  furnished  with  the 
Junker  apparatus  proved  very  unsatisfactory  and  had  to  be  dis- 
carded as  there  was  no  means  of  ascertaining  its  water  level  and 
it  could  not  be  made  to  give  consist ant  readings.    The  meter  used 
was  made  by  the  American  Meter  0o.  No.  642.    By  careful  adjust- 
ment of  the  water  level,  this  meter  was  found  to  be  accurate  to 
about.2  per  cent  which  we  believe  to  be  as  good  as  can  be  effected 
with  any  gas  meter. 

in  the  first  series  of  comparative  tests,  the  Junker  appara- 
tus was  operated  under  conditions  thoretically  demanded  to  give 
accurate  results,  that  is  the  products  of  combustion  were  cooled 
just  to  room  temperature,    in  order  to  control  this  temperature 
the  incoming  water  was  preheated  by  allowing  it  to  pass  through 
a  heating  coil.    To  overcome  small  irregularities  In  temperatures 
occasioned  by  uneven  heating,  the  water  from  the  heater  was  forced 
through  a  large  aspirator  bottle  of  almost  12  liters  capacity, 
which  served  as  a  mixer.    In  this  way,  the  temperature  could  be 
regulated  at  will  and  with  variations  of  not  more  than  from  .01 
degreee  to  .02  degrees    during  a  determination.    The  gas  was 
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burned  at  a  uniform  rate  of  6.5  feet  per  hour  and  the  water  flow 
regulated  to  give  a  difference  between  incoming  and  outgoing  water 
of  from  9  to  11  degrees  centigrade.     In  all  cases  the  damper  was 
regulated  to  give  maximum  outgoing  temperature,  In  their  recommenda- 
tions for  operating  flow  calorimeters,  the  committee  of  the  American 
Gas  Institute,  on  Gas  Calorimetry  recommend,  that  the  incoming 
water  be  at  room  temperature  but  this  was  found  to  give  the  exit 
gases  a  temperature  from  2.0  degrees  to  3.0  degrees  Fahrenheit  above 
the  room  unless  the  water  flow  was  greatly  increased.  This  rapid 
water  flow  was  found  to  give  greater  variations  in  the  temperature 
of  the  outgoing  water.    For  this  reason  it  was  found  better  to 
regulate  the  temperature  of  the  incoming  water  to  give  the  desired 
temperature  to  the  exit  gases. 

In  operating  the  P8rr  calorimeter,  care  was  taken  in  all  cases 
to  have  the  starting  temperatures  practically  the  same  in  the  two 
systems.    Double  volumes  of  hydrogen  were  used  as  our  standard  gas. 
The  hydrogen  was  generated  from  hydroiie,  manufactured  by  the 
Poessler  Hasslacher  Chemical  Company,  and  analysis  from  time  to 
time  show  a  purity  of  from  99.7  to  99.8  per  cent.  If  we  take  the 
value  for  pure  hydrogen  as  determined  by  Thomsen,  326  B.  T.  U.  per 
cubic  foot  measured  at  60  degrees  Fahrenheit  and  30  inches  of 
mercury,  we  then  would  have  a  value  of  325  3.  T.  IJ.  for  the  gas 
used  as  our  standard.    This  value  was  used  in  calculating  all 
results. 

The  gas  for  the  Junker  was  drawn  from  the  city  mains,  and  in 
all  cases,  the  samples  for  the  Parr  instrument  were  drawn  from  a 
cock  ^ust  ahead  of  the  meter,  while  readings  were  being  taken  on 
Junker.    Table  II.  shows  a  few  of  the  results  of  this  series. 
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Table  II. 

Sample.  1-2-3-4-5-6-7-  8 

Gas  temp,  degrees  83.0  -  83.0  -  83.0  -  79.0-79.0  -  80.0-83.0  -  81.0 

Exhaust!  »        83.0  -  83.0  -  82.0  -  78.5-79.0  -  79.0-79.0  -  78.0 

R00B      »  •        81.0  -  81.0  -  81.0  -  78.0-79.0  -  79.0-80.0  -  80.0 

Junker"  684.1-  630.6-  691.0-  603.3-605.1-636.9-636.4  -629.7 

■\lrl'  U  713.0-  658.3-  716.9-  625.5-633.0-648.6-658.1-  647.2 

Difference  28.9    -  27.7  -  25.9  -  23.2-  22.9-  21.7-  21.7-  17.5 

Here  we  find  a    marked  difference  between  the  results  obtained 
on  the  two  instruments,  with  the  Parr  instrument  giving  the  higher 
results,    in  samples  4,5,  6,  and  7  where  the  exit  gases  are  at  ap- 
proximately the  same  temperature  as  the  surrounding  atmosphere.we 
find  a  difference  of  from  21.7  to  23.2.      The  mean  of  these  together 
with  many  other  determinations  made  under  approximately  the  same 
oonditione  gives  a  value  of  22.5  3.  T.  U.  as  the  average  difference 
between  the  results  of  the  two  machines,  when  both  are  working  under 
the  best  theoretical  conditions,    in  samples  1,2,3,  and  8  we  note 
a  considerable  variation  from  this  mean  difference  and  by  studying 
the  conditions  under  which  the  tests  were  run,  we  find  a  suggestive 
explanation  of  this  variation.    In  samples  1,2, and  3  we  find  the 
exhaust  gases  of  the  Junker  warmer  than  the  room  temperature  while 
in  sample  8  they  are  cooler.    Thus  in  the  former  cases  we  would 
expect  lower  results  on  the  Junker  which  would  give  greater  differs  . 
between  the  results  of  the  two  instruments.    In  like  manner  in  sampl 
8  We  would  expect  less  difference  as  the  temperature  conditions  are 
such  as  to  give  high  results  on  the  Junker.    This  explanation,  of 


16. 


course,  is  based  on  the  assumption  that  the  results  of  the  Parr 
instrument  are  consistent.    The  results  shown  in  table  III  all  of 
which  were  taken  on  the  same  samples  of  gas  in  which  the  maximum 
variation  is  .56  per  cent,  seem  to  justify  ue  in  the  above  assum- 
tion. 

Table  111. 

1  -  564.6     B.  T.  U. 

2  -  566.9  B.T.U. 

3  -  565.8  B.T.U. 

4  -  567.8     B.  T.U. 

5  -  564.6     B.T.  U. 

6  -  564.8    B.T.  U. 

Greatest  variation  equal  3.2  B.T.U. 
Greatest  percent  variation  equal  .56 

This  variation,  in  values  found  on  the  Junker  instrument,  ap- 
parently due  to  variations  in  the  relative  temperatures  of  the  exit 
gases  and  the  room,  however  is  larger  than  the  worK  of  former  in- 

*    ._,..»      qinoe  in  the  east,  this  raat- 
vestigatore  would  lead  ue  to  expect.  Since 

t«  has  usually  received  no  notice,  further  than  a  suggestion  that 
lt  18  advisable  to  keep  these  two  temperatures  approximately  the 

<4v,  +>,»  rifnire  to  test  the  Junker  on  a  gas 
earns.    This,  together  with  the  desire 

of  Known  heating  value,  led  us  to  run  a  long  series,  on  the  Junker 
instrument,  using  hydrogen.    The  hydrogen  used  was  generated  from 
zlno  and  hydrochloric  acid,  heing  led  through  wash  bottles  con- 
ning caustic  solution  to  re^ve  acid  vapors  before  urn,, 

I  L  Per  cent.    The  true  heat  value  *  the  gas,  as  hurned,  then 
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B.  T. 

U.  p*»r  cubic  foot. 

The 

conditions  of  operation  of  the 

instrument 

were  kept  the 

same 

as  before. 

Table  IV  sho'-vs  the  results.  . 

Table  iv. 

Gas  temp 

Room  Temp. 

Exhaust  temp.           Heat  value. 

0  degrees  P 

0  degrees 

F. 

0  degrees  T, 

3.T.   J.  /  cu.ft. 

ft  ft  r\ 

79.  0 

80.3 

ft  ft  ft 

80 . 0 

Tin  i 

311. 1 

n  a  ft 

79.0 

n  n  ft 

79.0 

Tt  ft  ft 

79.0 

nil  * 

311.4 

82.0 

ft  O  ft 

82. 0 

ft  O  ft 

82 . 0 

7  1  A  ft 

310.  0 

83.0 

84.0 

Ci  A  ft 

84 . 0 

311.5 

83.0 

84.0 

84.0 

311.7 

ft  T  ft 

83. 0 

84.  0 

84. 0 

99  T    ft  ft 

312. 0 

83.0 

82.  5 

82.5 

99  "I  ft  a 

310.4 

r\  ~r  ft 

83.0 

82.5 

ft  ft  r— 

82.  5 

99  T  ft  1 

312.  1 

ft  IT  P 

83.5 

83.0 

84.  0 

310.9 

83.5 

83.0 

84.  0 

310.4 

81.0 

82.  0 

82.0 

309.8 

81.5 

82.0 

82.0 

310.2 

78.0 

77.5 

78.0 

310.7 

78.0 

77.5 

78.0 

311.5 

78.0 

80.0 

80.0 

311.  1 

78.0 

81.0 

80.0 

99  ft  ft  ft 

309.  9 

77.0 

78.0 

78.0 

309.3 

77.0 

78.0 

78.0 

310.7 

77.0 

78.0 

78.0 

311.5 

76.5 

77.0 

76.5 

311.5 

76.5 

77.0 

76.5 

311.1 

Here  we 

find  very  consistent  results, 

the  variation  being  but 

3.0 

B.T.U. 

but  the  mean 

of  these  results, 

which  is  310.9  3.T.  U.,is 

no 
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13.1  B.T.  U.  less  than  the  accepted  value  for  the  gas  burned. 

A  second  series  on  hydrogen  was  then  run  in  which  the  con- 
ditions were  varied,  that  is  the  temperature  of  the  exit  gases,  wlh 
respect  to  the  surrounding  atmosphere.    All  other  conditions  were 
kept  the  same  as  in  the  previous  cases.    The  results  are  shown  in 
table  V. 

Table  V. 


Gas  temp. 

Boom  temp. 

Exhaust  temp 

Heat  value. 

degrees  F. 

0  degrees  P. 

0  degrees  P. 

3.T.U./  cu.ft. 

82.0 

83.5 

82.0 

315.0 

83.0 

83.0 

79.0 

320.6 

83.0 

83.0 

72.5 

336.1 

77.0 

79.0 

78.0 

315.9 

77.0 

79.0 

78.0 

316.6 

78.0 

76.5 

72.5 

320.6 

82.0 

82.0 

82.0 

310.0 

83.0 

82.0 

72.0 

335.6 

33.0 

82.0 

72.0 

334.9 

80.0 

78.0 

71.5 

327.4 

80.0 

78.0 

71.5 

328.1 

80.0 

78.0 

75.5 

317.6 

80.0 

78.0 

75.5 

319.4 

81.0 

82.0 

82.0 

309.4 

86.0 

86.0 

90.0 

303.4 

86.0 

86.0 

90.0 

303.5 

Here  we  find  a  variation  in  the  results  of  from  303.4  B.T.U. 
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to  335.6  3.T.  TJ.  with  a  variation  in  the  difference  between  the 
temperatures  of  the  exit  gases  and  the  room  of  from-4  to  10  degrees 
fahrenheit.      Curve  II  in  which  heat  values  are  ordinates  and  dif- 
ferences between  room  and  exit  temperatures,  are  abscissae  shows 
the  regularity  of  this  variation.    The  point  at  which  this  curve 
crosses  zero  difference  in  temperature,  which    should  give  the  true 
results,  agrees  quite  closely  with  the  mean  value  obtained  in  ser- 
ies   4fc    From  this  curve  we  see  that  the  average    effect  per  degree, 
difference  in  temperature  between  exit  gases  end  room  is  2,3  B.T.U. 

It  was,  next,  thought,  desirable  to  find  how  far  below  the 
room  temperature,  it  would  be  necessary  to  cool  the  exit  gases 
in  the  Junker,  to  get  results  equal  to  those  gotten  on  the  Parr 
instrument.  Accordingly  a  second  comparative  series  was  run,  in 
which  all  conditions  were  Kept  the  same  as  in  the  first  except  the 
relative  temperatures  of  the    exit  gases  and  the  room.  Table  VI 
shows  the  results  of  this  series. 

Table  VI. 

Sample  1-2-3      -    4-    5-    6      -7      -  8 

Gas. Temp. degrees  80.0-  80.0-  80.0  -  80.0-  81.0-  78.0  -  78.0  -  78.0 
Exhaust"  »  67.0-  67.0-  67.0  -  67.0-  67.0  -67. 0  -  56.0  -  6S.0 
Room  temp  ■  79.0-  80.0-  80.0  -  79.0-  79.0  -7R.0  -  78.0  -  78.0 
B.  T.  U. Junker  635.6-630.3-632.5  -630.5-617.8-696.9  -629.9  -62C.1 
B.T.  U.  Parr  634.0-626.8-628.7  -630.4-817. 7-626. 5-G19. 7  -  616.5 
Difference  1.6      3.5      3.8        0.1      0.1      0.4      3.2  3.6 

Here  we  have  results  on  the  two  machines  agreeing  quite  close- 
ly.   In  all  cases  the  Junker  result  is  slightly  higher,    in  all 
cases  except  the  2nd.  3rd  and  6th,  the  difference  between  room  and 
exhaust  temperatures  is  12.0  degrees  P.  in  the  2nd  and  3rd.  it  is 
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13.0  degrees  while  in  the  6th  it  is  11.0  degrees.  Here  we  see  that 
to  get  concordant  reeults  on  the  two  instruments,  it  is  necessary 
to  cool  the  exit  gases  in  the  Junker,  from  11.0  to  12.0  degrees 
below  the  room.    The  results  of  series  II  where  we  find  a  mean  dif- 
fernece  of  22.5  B.T.  U.  between  the  results  of  the  two  calorimeters, 
and  those  of    series  V  where  we  find  a  difference  of  2.3  3.T.U.  per 
degree  difference  in  temperature  between  the  exit  gases  and  the  room, 
would  lead  us  to  expect  that  it  would  require  a  difference  of  about 
10.0  degrees  between  exit  gases  and  the  room  to  get  concordant  re- 
sults on  the  two  calorimeters. 

Thus  we  see  that  the  difference  between  results  on  the  Junker 
in  series  IV  and  the  accepted  value  for  hydrogen  and  that  between 
Junker  results  and  results  on  the    Parr  calorimeter  in  series  II 
are  in  almost  the  same  ratio.    It  then  se^ms  logical  to  conclude 
that  the  Parr  calorimeter  gives  results  sublet  to  no  greater  than 
1.0  per  cent  error  which  is  more  than  is  dnown  by  the  variation 
between  the  two  ratios  mentioned  above. 

In  accounting  for  the  large  error  shown  in  the  results, of  the 
Junker  instrument,  in  series  II  and  IV  we  have  only  errors  due  to 
radiation  and  those  due  to  the  humidity  of  the  atmosphere  since  in 
these  cases  the  exit  temperatures  are  approximately  the  same  as  the 
room.    Radiation  errors  in  flow  calorimeters  have  usually  be^n  con- 
sidered as  negligible,  but  Dr.     Immenkotter,  after  a  series  of  tests 
of  Junkers  calorimeter,  gi^es  the  possible  error  as  approximately 
.03  per  cent  per  degree  difference  in  temperature  between  the  heated 
water  and  the  surrounding  atmosphere.    It  is  difficult  to  concieve 
how  he  arrived  at  this  conclusion,  with  an  instrument  where  a  flowing 
stream  of    water  is  used.    But  after  our  experience  with  a  radiation 
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curve  in  the  case  of  the  Parr  instrument,  it  is  even  more  difficult 
to  believe  that  the  error  here  is  not  larger  than  he  gives.    In  this 
connection  it  is  well  to  note  that  when  operating  under  good  con- 
ditions, the    outgoing  water  is  from  15  to  20  degrees  Fahrenheit 
above  the  room,  while  the  incoming  water  is  from  3  to  4  degrees  be- 
low the  room.    Thus  we  se^  that  the  mean  water  temperature  is  from 
7  to  8  degrees  above  the  room,  which,  even  with  the  insulating  air 
jacket,  seems  capable  of  introducing  a  very  significant  error. 

The  error  due  to  humidity  of  the  atmosphere  is  even  more  serious 
J.  H.  Ooste  in  an  article  on  Technical  Calorimetry,  appearing  in 
the  J.  of  the  Soc.  of  Chem.  Ind. (Novlst  1909)  after  assuming  a 
ratio  of  7  parts  air  to  one  of  gas,  shows  this  factor  capable  of 
introducing  an  error  of  1.6  or  nearly  3.0  B.T.U.  per  cubic  foot  of 
gas.    This  however  is  only  a  hypothetical  case,  which  serves  to 
show  the  extreme  magnitude  of  this  error.    It  is  quite  evident  that 
on  a  day  of  ordinary  humidity,  we  will  loose  large  amounts  of  heat, 
since  all  the  air  passing  through  the  machine  leaves  it  saturated 
with  water  vapor.  The  impracticability  of  attempting  to  calculate  th 
value  of  such  an  error,  is  shown  by  the  difficulty  of  determining 
the  ratio  between  the  volumes  of  gas  and  air  used,  in  any  case 
when  viewed  carefully  these  two  sources  of  error  seem  quite  suf- 
ficient to  account  for  the  errors  found  in  the  Junker  apparatus, 
and  will  apply  in  an  equal  degree  to  all  flow  calorimeters. 

Prom  the  foregoing  facts  and  figures,  it  seems  that  in  point  of 
accuracy  and  ease  of  operation,  the  Parr  calorimeter  has  a  decided 
advantage  over  calorimeters  of  the  flow  type.  In  cases  where  a 
portable  instrument  is  desired,  the  Junker  calorimeter  has  the 

advantage,  but  this  is  overcome  to  some  extent  by  the  fact  that  it 
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requires  but  one  and  one  half  liters  of  gas  for  a  determination  on 
the  Parr  instrument  so  that  it  would  be  possible  to  send  samples 
in  from  various  points  to  a  central  station.    For  commercial  wotlc, 
the  Parr  calorimeter  is  especially  adapted  for  rule  of  thumb  opera- 
tion, it  being  only  necessary  to  have  the  starting  temperatures  in 
the  two  systems  approximately  the  same.    For  purely  scientific  work, 
it  has  a  decided  advantage  in  that  it  is  possible  to  establish 
quite  accurate  radiation    curves,  which    can  be  seen  at  a  glance, 
to  be  impossible  in  flow  calorimeters. 
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